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i 2^ i is}- b <M ?r^' ##^*r^T^i*r : *rs+ (electron- «»• 

^Tlocking barrier)* M-Bj-ifc tfflE iiL^ol^ .- ^- ^-a:^ -^x * 

*|, Al x Gai_ x N/GaN tj-f^ Al x Gai- x N/In yGai- y N iS5fl°J SL# ^^°^h 

^(Strain-Compensating Multiple Quantum Barrier)!- T^l^rfe W^^r^'^ 

*], Al x Gai- x N/GaN ^ ^ Al x Gai- x N/In yGai- y N ^^ell^I t}-^ ■<£*]-- 

*l, Al x Gai- x N/GaN ^ Al x Ga!- x N/In yGai- y N iSefl^I i=r# °<J=*r 
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4, 9: ^-£2)-^ 5:In x Gai- x N^(^-8: InGaN# ^-8: GaNfO 
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(Full color display)^- DVD ^ JI^JE. 7]^- *fl*lll- ^^*>^cll ^Atb 
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<32> GaN Sj-^# ^i^l^- 71^-o.S. f>}<*\ GaN 3H^^GaW4-4*K Vi r- 

InGaN, AlGaN ^ ^(qual ityH #^1 ^^>i=f. <>l^-8r *}-%-$\^ 

InGaN^l # 7>^ -8:Cf. oj-ej-^ efl ol 7,^^ s>7l ^ tfl -*! *11 ^ c 

^ #fr, # *ti^- ^ ^lB]^* A^>7ll ^Cf. C^l, ^cjol ^7>^1 

^ ^ ^r-g-Sl-^ GaN 1 -}- AlGaN#-2.S2l 7fle)<^ ^ 

7> ^7^1-711 5]^ jL-i;^^l eflol^^ ^ol ^.^^ ^ ^ , - 1 

£. H w><4 200A AlGaN ^<y#°-5. 7flsl<>| ^>cf 

(carrier blocking)^ f£7} Nichia ^ ^ ^ a]--§-5] ji 

neiM-, AlGaN #1^^ ^ °ll H *1 » 7>^^ 7flEM #5.^ 7] 

£| ^ ^ oflM^l* 7>^1^ 7fl eMl- ^(blocking)*>7l ^sflA^ A\°\ t£ 
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*s?7*©h*«. £, 0<x<Ms> sJ-31, 0<y<l^le1- 1J- nfl^ 7 *^ rf# °J=*k#^^^aAl x Ga^^s9* .41 
# ^Myi3ai- y N#^ ^t<H-H 2i|"*l<g- SH* ^^#v#ii^M?^ 1HS7k ^7^J^j. <#7>]fK 

< •) 1^ 7 AS. «>^5>rf. 0} ^o. > tq-^-.^V ^1- r 

Al x Gai- x N^2}- IriyGai-yN^^ #7] Al x Gai- x N#l: TlnyGai= y Nf*^ 

» tj-iMl *M 1^3^ 4^ ^ - 

> Al x Gai- x N#l:^ Al ^-g: «M 1^3^ ^ ^ # ^1 ^1 §^ - 

<39> £tV, ^"71 tf-g. 7]^^ 2f*fl» ^s:>7l fl*H , 1^£r 71^; <#7] 7}& 
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^rtr. ^, £. 3^] S.a}& v}Q ^^1, ^^*(7,8)* «r^^(5, 6) ^ 
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<42> <^j)l ^ >j]2 4H°fl> 

<43> £ 3 S H 51 #3^^, -g- 14^- ^ ^-i- £-tt 

'- ! ^GaN^l 3^1- ^5-^1^- ^€ ^ *^^(Dl£^l)^^r"lnxGai- x N^ JhyGai- y N^ - 

In x Gai- x N#2)- AlyGai- y N#^l In x Gai- x N^3}- In y Al z Gai_ y _ 2 N^^ ^ , 

■ 'iii x AsyGail x -yNi5" I "n z 'Ga'i- z N is- '^1 "a-b - ^ InxAsyGai-x'-yNiy-^ "AT y Gai-yNi£^.*{i§.i5i# ; °1 
w ^ i^. ^^o] ^-^s] ol^J- t}^ -f-i- ^2S^^^^f(5-,'6r#^t- 

o]nfl t 0<x<l°lJl, 0<y<l°l^l ( 0<z<l°lJL, x+y<H^, y+z<M4. ZLS^Jl lH3 
* ^C5', 6H ^SJ€ ^ <*JM*1# 7}*]^ ^fleM^ iLwM?3.-?-# locking* 

• 1 -a-^^H ^w^-^hi ^vw^i ^tt-^^i^i^-i 

3 &\±Q-5}7] ^f^S. Al x Gai- x N^3]- GaN*^ ^ 5p£r AlxGafifN* -v 
* -fnyGai-yN^^ ^^C<>H, 0<x<l, 0<y<l)# ^ ^ £tr2S)„iPil 3#*>^£lU~-M^ 

• ^Wr a in-compensating MQB)^(7, 8)-§- %^^(5, 6) -#^<%D^r^i+M:l«*ii a] oj).) t - %~ 
*##(5, 6) ^1(^12 oj] ) ^t} . a «•• ^ 

<44> <^]3 ^Al6fl> 

<45> , 3E 7^1 w>sf f ^ ^-W-o] iM5H<?l -fl: # 

3^(7, 8)^1 Al x Gai_ x N#(7) ^ GaN^(8)^ IffS. o]s. p ]_ 

4 Al x Gai- x N^(7)# GaN^(8)»S] ^-^1- 4=711 €r}<*| ^ ^ sH 4^ 
^ 6|m^l ^-s.7^1 1^5}7^, ^ Al x Gai_ x N^(7)# ^>cf Al 
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< 46 > SE*V, ^ ^-2] i§^J cf^ -f-§- ^f^l Al x Gai- x N^3f In y 

5jJ .-, w >^Ga 1% N#S] 22) «V^- ^Sfe ^MS,- ^1 ^Ee|jo] jg^- 

-s %At ^#€-44 Al x Gai- x N^ ^-S- InyGai-yN^-S^^^i-^Tll *}.<r 3 ,-..u 

, r - ~ ■ <^ 4? 1 °cW ^» 4^1 §}7]u} ; -^;^ft^El. Al x Ga'i- x N#l:^>-s^ 

41 '#^-1- 4iM «H 4?- ^-l-^l otj 4.H7H 3:4 o,- 7 « 

,.<47> CIS]- £o] iE E |o| ^ cf^ ^ 3^(7, 8)o>- 4^ ^ -*=■■ 

S-(*5, 6)£) ^f^l ^ € fflsl 0 !* *KKcarrier blocking)*}^'€^ -4^4^*4-1 ! 

'*ai fc§r4°l] £)S}<^ <M TflsH (carrier blocking)" iS.4*?fl^^ -^ H 1'#^?-T-# e,< 

<49> £ 9 ^ ^sfl°} AlGaN ^flBH ^(10)4 Al x Gai4N/GaN 4^ <£4 ^'o^ 

**• »«K4l)4 Ai x Gai- x N/InyGai- y N iE^-y 4^ ^(I2M ^th^ti^ WS. " 

(carrier reflect ivity)# Tfl rL2fl-5E°14. ■• - ;;ii;r;-- ^i^oju 

<so> s. 9» ^-S^, 4^ #^4 JL^j-ol] 4*}^ ^ oflu)4 ^ ^>o]ofl 

4tt °ii4*i <y^H^ ^ ^-a- ^ &4. 

4 Al x Gai- x N/InyGai- y N 3ll<?l ^ 4^ #^4 ^-t-, 4 ^ °HM44 ?fl4°1 
4"4 #4-§-4 ^4 i=l * Sl^SI °fl44 #4-^-3. 4~g-€ &4. 4^-°l, Al x Gai- x 
N/InyGai-yN iSefl°J S-^r 4^ °<f^> ^^^1 AlGaN°l GaN^ ^1^- ^Mefltl 
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-ir.^S! ?flel<H ^S.-f7> 7pg^H %^^ofl ^7fls>^ ^7} ^7}*}°)-^]-^ - 
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\' -f Ttl- 7l^(40)o] A>Tr]-0]o] 7l^;<?] 7*-°r, 21 2^ t^^S^^}^^^)^^ 

-04 -'ii.o.1 bridge) ^^5. T^l^fe- ^-t- ir§ €^8- ^>7l n^i^^^^S^l^^v^^Tll^^^ 

^ ..,<56^ 711^*1, 71^(40) sllol^ 1 ^: W #^#(M)ol 9X^. it% 

- . - -.#(M)^r 71^(40) ^1 £^>3°-5. *§*i& n*§ «]:£^1#(42) , €"Hfl = ^(44'> - 

^^=.^£,n^ S^Cwave guide layer, 46)-°3. -^^M 9X^. *1] fK 42 ) _^ 

* M ; I-V^ ^5)-§- W# «VE*ll§%2.5.#| , n-GaNf^a w>^W. ZL^Jl n^j #,5fl^E. 

----$1*1 .^&44)£ ^ ^-S. , ^-f-f 1 ^-(Al )-g- ^-fr*Hr n-AlxGai-xN^C^ ^.,-0<x<0.2)-.^if^l 

tW^M-, ^H§^ Slfe-^l , ojl-i- s-ig AlGaN^sj- GaNf^A^. 2^*r 
( super lattice) #11 *r <H — ^-f^Hu)- n ^ #sfl^#(44)^r 71^(40) ^°-^2] 

_^(44)^ 0.5/fln~1.7/fln^Holcf. o]trfl ; ji 3} Sfl o)u|- ^o] uVe*|] ^^ii*} 
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# ^r-^^r ^^14. #2fl^^ (44)^1 ^f-*)l« ^7\l %°-3l>% 7]j£G40)*9S£. ■ 

o) v}^f^jL, III-V^ ^5^1- ^S^f^jsj , iMHS. ^l^(In)# dt^ a 

tHK}^ InGaNf^ c)^- u>^-zi§>cf. #^§K48>&T^<2f .^o] 

«J -^r £ & -^-h *1U ^ *1 ^1 3 ^ *1 6fl ofl ^ ^ ^ *w ^g-^ % ^ , 5^ . ^0^, ^ 
tb^^^Sr 3Mi -*1*HH*| -5M|S>7fl ^^^>^^.^.S. ^^4. SM3#H8) ^H1q^> - -i-? 
s #£:*(50) ^ H^#(52)ol ^>^6.S. £14. olnfl, ^^(50)^8: 

&o\ 7 ] ^£ f-fi-SKr AlGaNf^ ?H :. 

*fll *fl*l *l)3 ^H*IH 44 ^ 4^ <£4 #^(5, 6)<£ ^£ $1 

^#°14. 4 1 ?}, n^lfe # £.= 4 ^l^l ^tfl 7 > € 5Utt ~v\]9l 4^ 
SN, <W #^ 0.15^m~0.2^S7"|- u>^-3}sl-4. p ^ £ s}.*(52) pH ^ 
H*l|^(54)ol ^sq<H &4. pll te^l#(54)^ £^ l-^o] p^o] ^jo. ^ 

«VH^1^(54)^- n p^ ^al^SS. p^ 5.21.^(52)^.4 H^S ^5. 

# ^Tfl *V<^ ^71 ^-Tfl ^o] w>^^>cf. 
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^3 ^> 7>^^ oflui^) sfl^( E eb ') Cf^-^l #5fl3 P^ #2fl^3 ^l^i^l ^^.(E pc ) 
°fl tfl-S-€ SItt ^1 H 7] BAH 7}- M-Efuj-^l ^ ^ ^cf. ^-S^-Jl E 
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mqw ^ ^ ^ ^ £ 4^ ^ ^ 

<61> <^-sj]c4|> ■ Oi - 



: t ^c^7] -$£}-a}, ^-^(complex) TMMCTransfer Matrix Method^ °l-§-*>^r%S.^-S!^l'! 



~ a 



^ ^Jl* *)]2 #Hfl^# 0.5Ami ^MN^ nil # efl ^ ^ 



-si, ■ -i^ls. c-^S). -g-^^V ^61^)/n^ #2fl = ^^ ^-^}1-^1^0^h^. ^JSM^HS 

■%f> ^ 13^ ^"71 *fll eflo]^ 401^=5-^- ^ -8}^ A -^f: ^ri» M-"-" ' 

<65> £ 13<^1 *} Rl^r %^#^] Mlr-i: q-E|-ifljl, Rnl ^ Rpl£- A 

A ^ pH -£s}-^ofl tfl-g-s)^ ^-f--8- M-bHM , R e ^ ^7>> tfl-g-s]^ 

M-Bf^flc}. i&, #S^-JL Rn2 ^ Rp2^ AA ^ p^ #2fl = #^l 3]-§-£}^ ^ 
M-Bl-^Jl, Rn3 ^ Rp3^ zj-zf n ^ ^ p^ aJ-tH" tfl-g-S]^ 
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< 66 > s. ^ ^-^1- -g-31fe #^#o.S^-Ei n % ^ s^-§- - 

£.*11§^}*1 ^-^1^ ^-i* i^lJi ^ XI ef: ^M^I o 



■-J4r««! ^13 3M*1 4°1 -2.^5-^1 ^M^f ^2-^1- 



<68> £ 14^ o)b\] c|]^- ^aif-l- afli tfl^l ^13 £IM*] t|-o]^.^.^-c»j§^.u)-Bl-^ZLefl=E.£.' i -* 

^-f, p^ -E^HEr^ ¥^7]- 0.12/an ^5;^ «fl ^-ol^-ol ^tflolji, p ^ # ' 



<70> £ 15 £ 17^r zfzl- pD 5.^2) Zf-v)} SISH #7l *lll ^fl*l ^13 

^-M-, p^ E^f^ ^-S.H.7> ajtfl7> 3xr ^fljitf ^ ^^-ofl #3.;EL 



1- ^ $44. 3" S-^H ^S^Jl Glmax, G2max ^ G3maxfe ^z]- ^ol^o] ^cflo] ^ 
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* ■ 



.-. ,.<71> •. • ^, S. 15# *fll ^-9-, #5.= £3^3 ^ o 

^4 ^-g- 0 . 2/an iE^ 0.4^m^l %S.^ p^ £2>^(£^^- -T- *K - " 



■ O -1 T_ -7.1 C Jtf &*) r 1 

.?>-->- • * t; I i — »—• ill t A'* i • 



<72> ££ ) £ 16 ^ £ 17-8: %^\^., A2 ^ ^13 7&$- 1 ^as.^...-, 



p^ £4*^1 ^17> 0.2/^n^ ^ ^tfl6icfl f p^ £sH§^ ^M|7> oliL4 



s?<- - ¥^ ^-M^- ^°]^ ^^1^ *lll 3H*t ^liLS.^ -g^tt -i?*"? 

.<73> o]<2}- ^ol, p ^ SSj-^S] ^17> ^tfiSl ^O^-g- <*-g- ^ <&±r 

a "nn of - ^-ol^-o] ^sltHr S^ltH}. , °]^^ %°]^ JiL^M tir}^- 



■ A 



^ p^ £4^* -^^l^^Cn^ -£4#+%^^+P^ S^l-^)^ ^p-^s)^ ^-2.^71- 

7>^tb ^Hsj-S. 31 ol cfol^.= 7 > 7>^s>cf^ 
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c ■ 



-^■€-^r ^£ &-§: 3H:n, ^SSf rfs. ^ ell o] -^"1 



r. o 



<77> w>sl- ^o], ^ AlGaN/GaN^ -a^^l x}^- ^]-^v^.^., 

- ^r-& AlGaN/InGaN^ ^#o] ^#^1 ^^]}9l ^ A^t 
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<79> 2. f-Ti], AlGaN/InGaN ^Mell^l ^ °cMf ^^"^ iH3]<£] 

(strain compensating)^! £]*fl ^1-$.^ xfl^ -^MjMsi:^^ <r &^3l,^SH8> 



o i V 



<80> 3. p^ «EflH.f^ ^l7l^o.S.M), p^ ^#5] S^-g: ^«T-*l^-i- ^W^- % 

<82> 5. ^(lifetime) 0 ! ^^M-Jl p^ #Hfl = #^ -^^^ m *. 



— 7- 
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11 

c -■ : J > 0<X<1 °1 31- % nfl , - 

" ' " V '^7l ^ ^ *>-*f-°fl zj-z* Al x Gai- x N^^ GaN#^'-^* v ^^£ 2s) °) « 

2] 

-a -■ 

-SM ^ 4^ ^f^S] ^>«.ofl^ z]-z}- GaN ^-£34-^0] d ^til 

3] 

A 1 9X^*1, 

^7l %^^^r In x Gai- x N^-4 InyGai-yN^ In x Gai- x N#3}- AlyGai- y N^ ^ . 

^, In x Gai- x N^3}- In y Al z Gai- y - z Nf^ In x A Sy Gai- x - y N#5|- In z Gai- z Nf^ ^ 

InxAsyGai-x-yNf-^ AlyGai- y Nf^ # ^Ht^I °}^r ^ 

°<f*> -t-# ^€ 0<x<l°l^L, 0<y<l°lJl, 0<z<lolJl, x+y<l°l^, y+z 



36-23 



1020010001550 



2001/2/ 



4] 



0<x<l<>"|Jl, 0<y<l°l^, x>y2l- ^ H, #7] nf^ * c >« #7l "Al x Gar4N^ * 

4 AlyGai-yNf^ D >4 Al x Gai- x N^l-^ ^l-fr ^7fl 

^^r= ®A <*IM*1 §^1- 4^-7)1 -*Hr- ^ 

5] - ■ * 

HKa.^v-.-. *fl i ^- iflx] ^1 3 It °1 — IN - * ' ■ «1 ■-- *t- 

0 <x<l°lJL, 0<y<l°H, x>y&(- ^ , - < "* 

^■7l ^-^^^r >a-7l Al x Gai- x N#4 AlyGai-yN^^ #7l~GaN " 

^Tfll- t}=7fl ^ ^^sl^ ^ ^s.^ o]] ui *] cfH^i 



^.£.5. S}^ T=f# ^-^-i- 7>^1 tiVS^l ^^7s}. - --r 

6] 

*H 1 ^ *fl*l ^11 3 f f IN &<>H f 

0 <x<MJZ., 0<y<l°H, x>y2l- lk ^ 

rf^ #^f^r ^-7] Al x Gai_ x N^4 AlyGai-yNf^ n}t\- ^7] Al x 

Gai- X N#«^ Alftt *M 4^ oflui^l 4=71] 

^-^^ «Hr 4^ 7>^1 ^^*h 

i^^r 7] 

afl-1 ^•■ifl^l afl 3 ^ ^ in 5U°h, 
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^"71 cf^ 0 <J=*> #^*£r Al x Gai- x N#-4 IriyGai-yN^^ ^o]-s. ^ o}<# # 



. - v 



-*li 7 1H1 



A cM t}^ 3h3f^r ^7} Al x Gai- x N^3zJ- InyGaj-yN^ ^7l 7, Al x ^ 



— I -a -yi ^ 



*ll 7 9X°]*f, 



-# 7 1 Al x Gai- x N#4 InyGai-yN^^ ^f^^^ <#7] In y 

10] 

^ 7 $Z<>H. 

-71 ^-71 cff^ ^^f^^: -8-71 Al x Gai- x N#^f I ny Gai- y N#^ #7l Al x 

Gai- X N#«^ Al Q^Sr ^7)} <*fl M *1 ■ = 



711 ^-3 tj-^ 7>^1 #:E*ll ^^>. 
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11] 

Z' c #7} 7)$t ij^^l # «o v #°l ^^M-^ SH3^; - * « - ^» 

12] ^ 
*H 11 %Vofl &o^ p 

* ! -&7] #2fli=f^ ^7l A>olo)] n ^ £2)-^; ^ ~- - • • 

13] 

*0 11 ^ *l) 12 

^7) <#A ^-#(MQW) =t^% III-V^ ^5h# 5h^# ^51*1] # 
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14] 

all 11 *J- SE^ a|] 12 *<M] l-2flH.#^ ^1^0.5^^.7/^-3} 

v J [^13- 15] s 

*1] 11 1H1 &<H*1 , '- ' ■ « r -* 

* HI n 1 ^- 16] ' 

A o V 7l 7fl5H SE^r t}^ ^ ^ 

[^T 1 ^- 17] ' - ^ ~ 

' 16 *cMl #7) ^ °<J=*> #7l Al x Gai- x N^3f' InyGai-yN^CO^ 

,0<y<l)s] p>tj- ^71 IriyGai-yN^S^ *><4 ^3xr ^ 6 <J=*H 

18] 

4 16 ^1 , 

#7] ^ #^%"8: ^7} Al x Ga!- x N#2l- In y Gai- y N^(0<x<l, 0<y<l)-^ 

*>i} Al x Gai- x N^*^ Al^-^-i- «H ^ ^^#^1 
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19] 



I^lh 20] 



— — t 



7 ASr ^8 ^ *Hhfc*V.-- - - - ****** ^ 



*G 7^%^ ^ 4T 



I^J^i .,r^{ {)<-< - -#<•> *r- 
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5* ■< 



[5L 1] 



MQW< 



p-GaN 



p-AI xGai-x N 



n-GaN 



4 

3 

1 

2 
1 

2 (In yGai-y N) 
1 (In y Gai-y N) 
4 



21 



4(p-GaN) 



3(p-AI zGawN) 



1 (In xGai-» N) 

2 (In yGai-yN) 

1 (In xGai-x N) 

2 (In yGai-y N) 
1 (In xGai-x N) 



4(GaN) 







[S. 3] 



MQW7 




>p-MQB 



8(GaN or InGaN) 
7(AIGaN) 

5 InxGai-x N/ln yGai-y N 
6 

InGaN/GaN 
GaN/AIGaN 



MOB 
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iS. 4] 
I 



^p-MQB 



3 



] 



IruGai-x N/ln yGai-y N 



] InGaN/GaN 

. GaN/AIGaN 
J 



MQW 



9(n-GaN) 



5] 



MQW^ 



p-GaN 




n-GaN 



5|nxGai-x N/ln y Gai-y N 
6 

InGaN/GaN 
GaN/AIGaN 



AIGaN/GaN 
r>n-MQB 

AIGaN/lnGaN 




•aN/AIGaN 
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[51 6] 



9(p-GaN) 



InxGai-x N/ln yGaw N 



] InGaN/GaN 
. GaN/AIGaN 



MQW 



J>n-MQB 



[£ 7] 



p-GaN 




n-GaN 



> p-MQB 



■8(p-GaN or p-lnGaN) 
7(p-AIGaN) 

5lnxGai-x N/ln yGav-y N 
6 

InGaN/GaN 
GaN/AIGaN 



—. \ T. , 



n-AIGaN/n-GaN 
r> n-MQB 

n-AIGaN/n-InGaN 



**— s-iSN Of f 



War 
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[Si 8] 



J 



IrixGai-x N/Irt y Gai-yN 



] InGaN/GaN 

. GaN/AIGaN 



MQW 



I 



[£ 9] 




0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 

0|]U-|x| ( e V) 
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[S. 12] 
AIN 



AIGaN 



Eeb 



AIGaN 



GaN- 



InGaN 



Em 



aw 



r ' InN 




(a) 



Cpc 



e; 



E' 



eb- 



no 



Ei ' 
mqw 




(b>M 



[£ 13] 

2.65 



2.60 - 



2.55 - 



2.50 - 



2.45 



run 




i ■■■fflpi 
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[S. 14] 




I 1 1 i I l L 

0 2 4 6 

7\ S| (/an) 
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16] 



- 



[5. 17] 



i 



o 




4 

71 a| (^n) 



4 

(/mi) 



p-Wg=0.4jji 



G2max 

p-Wg=0.2pn 




p-Wg=0.1/m 




p-Wg=0.4/ai 



G3 max 

p-Wg=0.2/jn - 



p-Wg=0.1/m 
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